Discovery and incorporation of genes from wild species provide means to sustain crop improvement, particularly when levels of resistance in the cultigens are low and virulent strains of pests and pathogens overcome the host plant resistance. The extent of utilization and the potential of the wild genepool for genetic enhancement were reviewed in five important food crops viz. sorghum, pearl millet, chickpea, pigeonpea and groundnut grown in the semi-arid tropics. Introgression from compatible wild germplasm in the primary gene pool resulted in transfer of new cytoplasmic male sterility systems in pearl millet and pigeonpea, development of high protein, cleistogamous flower and dwarf pigeonpea lines and foliar disease resistant groundnut cultivars. Utilization of wild species in secondary and tertiary gene pools has been generally limited due to sterility, restricted recombination or cross incompatibility. Nevertheless, these species are extremely important as they contain high levels of resistance to several important biotic and abiotic stresses. Several of them, like those belonging to the Parasorghum section and the rhizomatous Arachis species are sources of multiple resistances and hold great promise to sustain crop productivity.
Introduction
germplasm collections of major food crops. The genebank at the International Crops Research Institute The genetic potential of wild relatives in crop imfor the Semi-Arid Tropics (ICRISAT) at Patancheru, provement is well documented, particularly for crops India holds over 104,000 accessions of germplasm of like wheat, maize, potato, tomato, cotton, tobacco and five important food crops namely, sorghum (Sorghum sugar cane (Hawkes 1977; Stalker 1980; Plucknett et bicolor (L.) Moench), pearl millet (Pennisetum al. 1987) . Not surprisingly, the greatest contribution glaucum R. Br.), chickpea (Cicer arietinum L.), of wild species has been in resistance breeding. When pigeonpea (Cajanus cajan (L.) Millsp.) and groundnut the level of resistance to various biotic and abiotic (Arachis hypogaea L.). The assembled germplasm stresses in cultivated germplasm is low or the range of includes a total of about 2500 accessions of the wild genetic variability is narrow and selection pressure and weedy relatives. Harlan and de Wet (1971) proresults in virulent biotypes of the pests and diseases, posed a systematic means of categorizing wild species the discovery and incorporation of additional genes as to their usefulness for improving the cultigens. for resistance from wild species becomes key to According to this concept, species that readily intersustain crop productivity. Despite their importance, cross with the cultigen and produce progenies that are wild species have not received due attention from fully or nearly fertile are grouped in primary gene germplasm collectors. They remain underrepresented pool. Consequently, geneflow between the species and account for less than two percent of the global within this group can be accomplished by convention-al breeding methods. Any partial sterility that appears halepense (2n 5 40) and S. propinquum (2n 5 20) in progenies is easily overcome by selection. The along with the annual S. bicolor (2n 5 20), which is secondary gene pool includes species, which are divided into three subspecies. Subspecies bicolor somewhat distant from the cultigen. Hybridization is includes all domesticated grain sorghums, subsp. more difficult and the progenies have substantial drummondii includes the stabilized derivatives of degree of sterility usually because of chromosomal hybridization among grain sorghums and their closest rearrangements and imbalance. The tertiary gene pool wild relatives and subsp. arundinaceum consists of contains species that are related to the cultigen but the wild progenitor of grain sorghums (de Wet 1978) . where hybridization with the cultigen has not been
The sorghum genetic resources collection held at possible or where hybrids have been completely ICRISAT genebank includes 461 wild germplasm sterile. The potential and extent of use of the wild accessions representing 26 species and subspecies species germplasm to overcome constraints in prod- (Table 1) , besides 35,238 accessions of cultivated uctivity in the five ICRISAT mandated crops (sorsorghums and eight accessions of Sorghastrum spp. ghum, pearl millet, chickpea, pigeonpea and groundSizable collections of wild species are also maintained nut) are described in this paper.
at the Australian Tropical Crops and Forages Genetic Resources Centre, Biloela, Australia (over 370 accesSorghum sions of 23 species) (AusPGRIS 2002) and the US-DA-ARS Southern Regional Plant Introduction StaThe genus sorghum is subdivided into five sections tion, Griffin, Georgia, USA (about 250 accessions of Chaetosorghum, Heterosorghum, Parasorghum, over 10 species) (ICRISAT 2002a) . Stiposorghum and Sorghum (de Wet 1978) . The secSorghum is attacked by a wide range of pathogens tion Sorghum includes two rhizomatous species, S. and pests that cause significant economic losses. Cox (1988) showed the possibility of increasing (Stiposorghum) were also found to be immune to sorghum yields through transfer of genes from races downy mildew along with the two accessions (IS virgatum, arundinaceum and verticilliflorum, all 21575 and IS 10983) of S. bicolor subsp. drummondii belonging to subspecies S. arundinaceum in section identified by Karunakar et al. (1994) millet, but produces triploid hybrids that are sterile Ramachar & Cummins] are the four major diseases of (Hanna 1992) . Nevertheless, they produce high yields pearl millet. Although sources of resistance were of good quality fodder, therefore, commercial seed identified in cultivated germplasm, their resistance production potential is under investigation (Osgood et could be overcome when the inoculum levels are al. 1997). Genes for controlling earliness, long inhigh.
florescence, leaf size and male fertility restoration for The primary gene pool includes cultivated pearl improving pearl millet have also been transferred millet P. glaucum subsp. glaucum, the wild progenitor from P. purpureum (Dujardin and Hanna 1989) . P. glaucum subsp. monodii and the weedy form P.
The tertiary gene pool consists of the remainder of glaucum subsp. stenostachyum. Dominant genes for the wild Pennisetum species. The group includes both resistance to rust and leaf spot (caused by Pyricularia sexual and apomictic species that are diploid and grisea (Cke.) Sarc.) were found in P. glaucum subsp.
polyploid, annual and perennial, and rhizomatous and monodii (Hammons 1970 (Hanna 1992) .
breeding cultivars with durable resistance to wilt and Interspecific hybrids were also obtained with P.
blight is the presence of many races of pathogens. schweinfurthii (Hanna and Dujardin 1986) , which
With phytophthora root rot, even the most resistant were male sterile, but partially female fertile. Ataccessions show reduced yields under high inoculum tempts to produce interspecific hybrids between pearl levels (Brinsmead et al. 1985) . Among many insect millet and P. ramosum and P. mezianum using conpests attacking chickpea, pod borer (Helicoverpä ventional techniques were not successful. Pollen of P.
armigera Hubner), leaf miner (Liriomyza cicerina pedicellatum and P. polystachion germinated on the Rond.) and aphids (Aphis craccivora Koch.) in the stigmas of pearl millet, but resulted in shriveled and field and bruchid beetles (Callosobruchus chinensis immature seeds that did not germinate (Dujardin and L.) in the store are important. Cyst (Heterodera ciceri Hanna 1989).
Vovlas, Greco et Di Vito) and root-knot nematodes (Meloidogyne spp.) also attack chickpea, and among Chickpea abiotic stresses, cold and drought are most important. The annual wild Cicer species have been extensiveThe genus Cicer L. comprises of 43 species -33 ly screened and several of them were identified as perennials (all wild) and 9 annuals (one cultivated and promising sources of resistance to major biotic and 8 wild) and one unclassified species, grouped under abiotic stresses (Table 4) . Thus, Singh et al. (1981) the highest categories of resistance, followed by C. ticulatum. Singh et al. (1982) reported resistance to pinnatifidum, C. judaicum, C. reticulatum and C. botrytis gray mold in C. pinnatifidum. Resistance to echinospermum. C. bijugum also had the highest botrytis gray mold and ascochyta blight was identified number of accessions with multiple resistance, two in two accessions of C. bijugum (Haware et al. 1992) accessions had resistance to at least five stresses and and resistance to cyst nematode in C. bijugum, C.
16 others to four. pinnatifidum and C. reticulatum (Di Vito et al. 1996) .
Ladizinsky and Adler (1976) (Singh and Ocampo 1997) .
developed lines superior in yield than the cultigen Search for cold tolerance in 137 accessions of eight parent by introgression with C. reticulatum and C. wild annual Cicer species identified high levels of echinospermum. Recently, through embryo rescue tolerance in C. bijugum, C. reticulatum and C. echand tissue culture techniques, hybrids have been inospermum ). An analysis of obtained between cultivated chickpea and C. pinprotein content in seven wild species showed that C.
natifidum, which has strong resistance to ascochyta bijugum and C. reticulatum had highest protein conblight (Mallikarjuna 1999) . The rest of annual and 33 tent (32.7% and 30.6%) compared with the control perennial species show no possibility of gene exvalue of 25.2% (Umaid Singh and Pundir 1991) .
change with cultivated chickpea, hence they were The perennial Cicer species are extremely difficult placed in tertiary gene pool. Because of their crossto grow, their potential value was not fully assessed, compatibility to the cultigen, C. reticulatum and C. except in C. montbretii reported to be resistant to echinospermum will be the most valuable for immediascochyta blight (Singh et al. 1981) and C. canariense ate exploitation. However, use of genes present in resistant to wilt (Kaiser et al. 1994) .
other Cicer species requires novel means of gene analyzed the data on 228 transfer to the cultigen. accessions of eight annual wild Cicer species for diversity in response to six most serious biotic and Pigeonpea abiotic stresses, namely ascochyta blight, fusarium wilt, leaf miner, bruchid, cyst nematode and cold. C.
The revised genus Cajanus consists of 32 species. bijugum, C. pinnatifidum and C. echinospermum had Only one of the species, Cajanus cajan (pigeonpea) is accessions with at least one source of resistance to under cultivation and is pantropical in its distribution. (Table 5 ). The wild gene pool assem-
The wild relatives of pigeonpea possess many bled at ICRISAT also includes other related genera agronomically desirable traits, including resistance to like Rhynchosia (35 species, 303 accessions), Flemmajor diseases and pests (Table 6 ). An evaluation of ingia (8 species, 18 accessions), Eriosema (4 species 166 accessions of 16 species for insect resistance and 7 accessions) and Dunbaria (2 species, 12 accesshowed that wild relatives are rarely damaged, though sions). Besides ICRISAT, the Australian Tropical the insects feed on the plants under no choice conCrops and Forages Genetic Resources Centre at ditions (ICRISAT 1996 armigera on pods of C. cajan and two wild species The major constraints to pigeonpea production and reported that larval survival on C. scarabaeoides among the insect pests are pod borer (Helicoverpa was 21%, compared to 57% on C. platycarpus and armigera Hubner) and pod fly (Melanagromyza ob-78% on C. cajan. The dense covering of non-glandutusa (Malloch). While pod fly damage is common in lar trichomes on C. scarabaeoides acts as physical long-duration cultivars in central and northern India, barrier and prevents small larvae reaching the surface damage due to pod borer can be often extensive in all of the pods. It is suggested that resistance to H. the maturity groups and yield losses of up to 100% armigera in cultivated pigeonpea could be improved were reported. Other lepidopteran pod borers includby transferring genes regulating the production of ing larvae of plume moth (Exelastis atomosa Wals.) non-glandular trichomes on pods from C. and the blue butterfly (Lampides boeticus L.) are scarabaeoides. C. reticulatus has also been reported locally damaging. Bruchid beetles are commonly to be resistant to pod borer (Dodia et al. 1996) , found damaging seeds in the ripe pods and stored besides being hardy and fire tolerant (Akinola et al. seeds. Among diseases, fusarium wilt (Fusarium 1975) . In a recent study at ICRISAT, accessions of udum Butler), sterility mosaic and phytophthora Rhynchosia aurea DC., R. bracteata Benth. ex Bak., (2000) reported that cytoplasmic . In another study, significant male sterility from C. sericeus was actually a single inter-and intra-specific differences were found in dominant gene possibly acting in concert with a single relative susceptibility to pod fly and pod wasp ( Tanarecessive pigeonpea (Pundir and Singh 1987) . Hence, it should scarabaeoides and C. albicans screened after artificial be possible for incorporation of desirable traits from inoculation (ICRISAT 2000) . Most species of Cathese species through normal recombination. Interjanus, especially C. mollis, C. scarabaeoides and C. specific hybrids have also been obtained with the albicans have higher protein concentrations (28-Australian species; C. acutifolius, C. confertiflorus, C. 30%) compared with cultivated pigeonpea. A high lanceolatus, C. latisepalus and C. reticulatus. Howprotein line (ICPL 87162) with . 27% seed protein ever, the hybrids had higher levels of meiotic abnorand good seed size was developed by crossing with C.
malities than reported in hybrids between pigeonpea scarabaeoides (Reddy et al. 1997 ). The closely reand Indian species (Dundas 1990) . Recently, C. lated species, F. bracteata showed high percentage of platycarpus which carries genes for photoperiod inthe essential aminoacids, methionine and cystine, sensitivity, earliness and resistance to phytophthora which are limiting in pigeonpea (Remanandan 1980) . blight and salinity has been successfully crossed with Cytoplasmic male sterility, an important trait, which pigeonpea using embryo rescue (Mallikarjuna and could not be easily found in pigeonpea, was obtained Moss 1995). by exploiting wild Cajanus species. Thus, cytoplasNovel plant types were identified from interspecific mic genetic male sterile lines were obtained from crosses involving the species in the primary gene bentes, and one accession of A. triseminata in section moori Butler) and sucking insects like aphids (Aphis Triseminatae were found to be resistant to the virus. craccivora Koch.), thrips (Thrips palmi Karny.) and Since both A. cardenasii and A. villosa hybridize with jassids (Empoasca kerri Pruthi). In addition, invasion cultivated peanut, resistant to PBNV could be transduring harvest and post harvest operations by Asperferred through conventional breeding. gillus spp. and production of aflatoxins are of major Recently, Subrahmanyam et al. (2001) evaluated concern.
116 accessions representing 28 wild species for resistThe sources of resistance reported so far in cultiance to groundnut rosette disease. A total of 25 vated groundnut represent a narrow range of variaccessions belonging to A. diogoi, A. hoehnei, A. ability and wild species have been used to broaden the kretschmeri, A. appressipila, A. cardenasaii, A. vilgenetic base (see Ker and Mess 1987) . Arachis losa, A. stenosperma, A. pintoi, A. kuhlmannii, A. species have been extensively screened and several of triseminata, and A. decora were identified with high them were reported to have high levels of resistance to levels ofresistance. High levels of resistance to early diseases caused by various fungi, viruses and leaf spot, hitherto undiscovered in cultigens were also nematodes (Table 8) . Abdou et al. (1974) identified identified in wild Arachis species including A. ap-A. diogoi (Syn. A. chacoense) as highly resistance to pressipila, A. triseminata, A. magna, A. sylvestris, A. early leaf spot and A. cardenasii immune to late leaf pusilla, A. valida and A. dardani (ICRISAT 2000) . spot caused by C. personatum. Subrahmanyam et al. Sources of resistance to most insect pests were Due to ploidy differences and genomic incomspecies. Seven of the accessions were highly resistant, patibilities, attempts to introgress resistance form wild varial. 2002) . Four more lines (GP-NC WS 7, GP-NC WS ous diseases and pests that can be effectively used 8, GP-NC WS 9 and GP-NC WS 10), derived form despite ploidy differences. For example, the diploid the same interspecific cross A. hypogaea 3 A. carspecies A. cardenasii has been crossed to A. hypodenasii (PI 262141), resistant to corn earworm gaea and the sterile triploid was colchicine treated to (Heliothis zea (Bodie), potato leafhopper (Empoasca restore fertility through doubling of chromosomes.
fabae Harris) and southern corn rootworm (DiabThe resulting hexaploid was backcrossed with the rotica undecimpunctata howardi Barber) were recultivar and stable tetraploid derivatives were obleased by North Carolina Agricultural Research Sertained through selection. This strategy has resulted in vices in the USA (Stalker and Lynch 2002). release of two elite germplasm lines ICGV 86699
The tertiary gene pool includes species of others sections that cannot be hybridized with A. hypogaea formation methods have been developed in groundnut, pigeonpea and chickpea, tissue culture research is by conventional means. The major barrier for introunderway to develop transformation methods for both gression appears to be postzygotic failure of embryo sorghum and pearl millet (Sharma and Ortiz 2000) . development. Nevertheless, hybrids have been obWhere amenable, molecular marker facilitated introtained with A. paraguariensis (section Erectoides) gression is a fast emerging breeding tool, which can and A. appressipila (section Procumbentes), both be effectively used for transfer of genes of interest resistant to early leaf spot, using embryo rescue and breaking undesirable linkages or linkage drag. Molectissue culture techniques (ICRISAT 1995) . However, ular markers could be used to map resistance genes in fertility could not be restored in the intersectional crosses between wild species or accessions of the hybrids, therefore, their potential could not be exsame species in the secondary and tertiary genepools ploited.
and once resistance genes are located, they can be transformed into cultivated germplasm. In rice, Tanksley and McCouch (1997) reported molecular Discussion markers that looked for genes from the wild species in contrast to conventional methods that look for the Screening wild species of sorghum, pearl millet, phenotypes. Thus, two QTLs which could increase chickpea, pigeonpea and groundnut identified several yield by approximately 17%, each were identified sources of resistance to important pests and diseases.
using advanced backcross method to examine alleles Transfer of new cytoplasmic male sterility to pigeonfrom the wild species Oryza rufipogon Griff in the pea and pearl millet, development of chickpea with genetic background of an elite Chinese hybrid. enhanced yield, pigeonpea with high protein, cleistogamous flowers and dwarfing genes, groundnut varieties resistant to foliar diseases were achieved References through backcross followed by selection, the most common approach for gene introgression from com- 
